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Abstract: On the assumption that a plate is elastically deformable and may rotate as a whole , we found that 
Eurasian area may be divided into an Eurasian plate and three blocks of the Xiyu, the North China and the 
Southeast Asia according to tectonic frame of the East and Southeast Asia and the ITRF2008 velocity field in 
Eurasian area. F tests show that the accuracy of this elastic-plate/block model is significantly higher than the 
corresponding rigid-plate models; the area covered is notably larger also. 
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1 Introduction 
In traditional plate tectonic theory, a plate ( or block) 
is assumed to be a rigid body with narrow margins, 
where deformation exists. However, in reality, plates 
are not rigid 111 but deformable1'·'1 , and their margins 
are not narrow but broad in many cases141 • Intra-plate 
earthquakes are considered to be caused by the accu-
mulation of elastic strain in the interior of the 
plates1' -•I under the influence of surrounding plates. 
The deformation at a site may be elastic or plastic. 
Plastic deformation exists along large active tectonic 
belts inside a plate and in the boundary regions of the 
plate , but in vast stable regions inside a plate deforma-
tion is elastic at least on a millennia! time scale[m]. 
Previously, we proposed a rotational and linear-strain 
equation of motion for a plate (block) 111 •121 , and oth-
ers proposed some rigid-body models for the Eurasian 
plate. In this paper, we will propose a new model for 
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the Eurasian plate/block within Eurasian region based 
on the assumption of rotation and linear-strain for the 
plate/block. 
2 Rotation as a whole and linear 
elastic strain equation 
H a plate only rotates as a whole, the movement of any 
point on it can be described with a rigid-body-rotation 
equation ( RBRE) (1 ) 
[ v,] = r[ -s~ncpcosA 
vn R smA ["'·] coscp 0 l 'r ( 1) 
01, R 
- sincpsinA 
-cos,\ 
where ve and vn are, respectively, eastward and north-
ward velocities determined by ( A , q>) , r is the radius 
of the earth, and w"', w7 and w, are plate rotation pa-
rameters. 
H deformation occurs inside a plate, it can be ex-
pressed with strain parameters. To represent such a ro-
tation and deformation, we derived an equation previ-
sl [11,12] ou y : 
[ v,] = r[ -~ncpcosA 
vn smA 
- sin<psinA 
-cosA 
+ [A• 
Bo 
(2) 
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Equation ( 2) is a unified equation of motion which 
describes the plate rotation and continuous deformation 
inside the plate. In this equation there are 12 un-
knowns, including rotation parameters Ct.l~, W 1 and Wz 
and strain parameters A0 ,B0 , C0 , ~1 ,~2 .~,, ( 1 ,(2 and 
( 3 • The first term on the right side of the equation re-
presents the rotation and the following three terms re-
present continuous deformation inside the plate. 
H s.,,Bn and 'Yen represent, respectively, east-west, 
south-north and shearing-strain rates, we may get from 
equation ( 2) 
(3a) 
av. ( ) s. = s, =-= C0 + t3x + t2y 3b ay 
"Y~ =y"" = ( av +au) =2B0 + (A2 +2B1 )x + ax ay 
(2B2 +C,)y (3c) 
From formula ( 3 ) , we get 
2 2 2 
iJ Be+ iJ En_ iJ 'Yen -Q 
ay' ax' - axay - (4) 
which is the compatibility equation two-dimensional 
strain["]. Thus equation (2) meets the compatibility 
requirement. 
To study two-dimensional stress-strain in a isotropic 
elastic plate on a spherical earth , the generalized 
Hooke ' s law may be expressed as follows : 
u. = }.(} + 2Gs. (Sa) 
(5b) 
(5c) 
In equations ( 5 ) , u YO , u r , T !»Y represent , respective-
ly, east-west south-north and shearing stresses, A is 
the Lame elastic constant, and G is the shear modu-
lus[131. 
According to elastic mechanics, the internal stresses 
and an external body force of an object should satisfy 
the differential balance equation : 
au. arY" 0 
-+--+X= 
ax ay (6a) 
(6b) 
where X and Y are, respectively, the east-west and 
south-north components of body force. It is different 
from equations ( 5a) with respect to x and ( 5b) with 
respect to y. Substituting different results into equa-
tions ( 6) by using Laplace arithmetic operatorL12 ( ) = 
( a' a') -, +-, (), we get ax ay 
(7a) 
(7b) 
Equations(7a) and (7b), known as the Lame-Navier 
equations, are the fundamental elastic stress-strain e-
quations expressed with displacements [ !3] • If the exter-
nal body force is constant, by differentiating equations 
( 7 a) with respect to x and ( 7b) with respect to y, we 
get["] : 
(8) 
From (3a) and (3b) we have 
L10=A0 +C0 +(~1 +(,)x+(~3 +(2 )y (9) 
L12 (} = (a'~+ a'~) =0 
ax ay (10) 
Equation ( 10) is the same as equation ( 8 ) , showing 
that equation ( 2) meets the fundamental elastic stress-
strain equations ( 7 ) and is the equation for rotation as 
a whole and linear elastic strain equation for a plate 
(ERLESE for short). There are 12 unknowns in ER-
LESE , thus we can obtain ERLESE if the coordinates 
and velocities of 6 stations on a plate are given. Then a 
corresponding model ( ERLESM) for the plate can be 
constructed. In application, the number N of the sta-
tions on the plate should be larger than 6 to guarantee 
accuracy and reliability of the model parameters. 
3 Uniform ITRF2()(II velocity field and 
block division of the Eurasian Region 
The ITRF2008 coordinates and velocities of the global 
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space geodetic stations of VLBI ( Very Long Baseline 
Interferometry) , SLR (Satellite Laser Ranging) , GPS 
(Global Positioning System) and DORIS (Doppler Or-
bit-photography and Radio-position Integrated by Satel-
lite) released by the International Earth Rotation Serv-
ice ( IERS ) provide very important basic data for re-
search on the movement of the Eurasian region ( ht-
tp :I /igscb. nasa. gov ) . From station distribution 
shown in figure 1, we may see that stations are rela-
tively few in the middle and eastern parts of the Eura-
sian region. To make up for the deficiency, we use sta-
tions of Crustal Movement Observation Network of Chi-
na, including 14 stations in Northeast China, 245 sta-
tions in North China, 103 stations in South China and 
88 stations in the Xiyu. We transform the ITRF2005 
coordinates and velocities of these stations to ITRF2008 
and combine them with the ITRF2008 stations. In ad-
dition, we use the GPS data published by some previ-
ous researchers[ 14 - 18l. Although the station rate frames 
of these data are different , we can transform the frame 
of this set of the data to ITRF2008 based on data from 
stations included by IERS also. The uniform ITRF2008 
velocity field of the Eurasian region is obtained through 
frame transition ( Fig. 2) . 
Figure 1 The ITRF2008 velocity field of the Eurasian region published by IERS. 
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Figure 2 The united ITRF2008 velocity field of the Eurasian region after an increase of GPS stations in the East Asia region. 
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The Eurasia region is influenced by the action of the 
India plate ( INDI ) , the Pacific plate ( PCFC ) , the 
Philippine Sea plate ( PHIL) and the Australia plate 
( AUST). Strong tectonic deformation has occurred in 
Central Asia and East Asia, resulting in a series of ma-
jor fault zones which divide Central and East Asia into 
blocks of different sizes. Chinese Mainland and sur-
rounding areas are divided by Zhang et al [ 19 l into 6 
first-order blocks: the Tibetan Plateau, the Yunnan-
Burma, the Xiyu, the South China, the North China, 
the Northeastern Asia (Fig. 3). Northeastern Asia to-
gether with the East Siberian is considered a stable 
continent; Tibetan Plateau and surrounding areas are 
areas with the most intense deformation; Xiyu is an ar-
ea with intense deformation; North China is an activa-
ted craton block with a deformation zone[2oJ ; and South 
China is a stable block of good integrity[ 2Il. It may be 
seen in figure 2, however, that South China, Indochi-
na, South China Sea and Sunda Shelf [22 l have coher-
ent station velocities thus possibly belong to the same 
tectonic block. Accordingly, we divide Eurasia into a 
stable Eurasian plate ( EURA) and three blocks of the 
North China ( NOCH), Southeastern Asia (SEAS) 
and Xiyu ( XIYU) . 
4 Plate and block movements in the 
Eurasian region 
By using the coordinates and velocities of the geodetic 
stations on a plate/block, we may estimate the un-
known parameters in equation ( 2) with least-squares 
method to construct an ERLESM of each plate/block. 
45•N 45•N 
40•N 
In the model - parameter estimation , different results 
may be obtained by different station-screening meth-
ods. In order to avoid arbitrariness in screening, we 
use an optimized scheme ( see Appendix 1 ) and equa-
tion ( 2 ) to construct ERLESM for EURA, NOCH, 
SEAS and XIYU. The rotation parameters of these four 
plates/blocks are listed in table 1 together with the 
number of the stations N used , and their strain parame-
ters in table 2. 
Figures 4 and 5 show the calculated velocity fields of 
these four plates/blocks. By comparing these figures 
with figure 1 it may be seen that the stations cover ba-
sically all regions of space geodesy, except the Iran , 
Pamirs and Tibet plateaus. The precision of each mod-
el is estimated with the standard deviation of the model 
Ds: 
Ds = 2N -r ( 11) 
where r, an unknown number of the model , is equal to 
12 in the present case. 
As shown in table 2, the value of Ds ranges in 0. 51 
- 0. 87 mm/ a with an average of 0. 71 mm/ a, which 
is less than the mean value ( 0. 72 mm/ a) of the stand-
ard deviation of the ITRF2008 station velocities , and 
far less than the mean value ( 1. 60 mm/ a ) of the 
standard deviation of the Crustal Movement Observation 
Network of China. This indicates a high precision for 
these models. 
The reliability of the calculated model parameters is 
estimated with the signal-to-noise ratio of the parame-
ters. An ERLESM of a plate/block is determined by 
twelve parameters. The absolute maximum parameter 
represents the principal component of the model , and 
35.N its absolute value divided by its standard deviation re-
25•N 
zo·N 
Figure 3 A first-order block division of mainland 
China and its surrounding areas 
30•N 
25•N 
: 1s·N 
~ 10•N 
,! s·N 
presents the signal-to-noise ratio of the set of parame-
ters ( represented by I ) . The values of I for these 4 
plates/blocks are listed in table 2 ; they vary in the 
range of 28. 45 - 100. 45 with an average of 74. 12. 
Thus the signal-to-noise ratios for these 4 plates/blocks 
are high , and the calculated model parameters are reli-
able. 
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Table 1 Euler rotation parameters of ERLESM for the four plate/blocks 
Rotation parameters Euler rotation parameters 
Plate ( Block) N 
"'· "'' "'· 
). cp n 
10 -9/a 10 -9/a 10 -9/a "E "N 0 /Ma 
EURA -0.307 -2.483 3.797 -96.971 56.529 0.262 216 
RMS 0.021 0.017 0.038 0.420 0.251 0.002 
NOCH -1.162 -I. 687 5.305 -124.56 68.890 0.326 245 
RMS 0.038 0.079 0.069 1.523 0.689 0.004 
SEAS -0.602 -3.208 4. 314 -100.629 52.884 0. 310 125 
RMS 0.032 0.082 0.048 0.610 0. 747 0.004 
XIYU 0.594 -4.941 2.121 -83.143 23.077 0.310 88 
RMS 0.027 0.174 0.161 0.393 I. 721 0.010 
Table 2 Tbe strain parameters of ERLESM for the four plates/blocks 
Plate 
(Block) 
EURA 
RMS 
NOCH 
RMS 
SEAS 
RMS 
XIYU 
RMS 
B, 
10 -9/a 10 -9/a 
-0.093 -0.197 
0.025 0.035 
-0.198 -1.189 
0.123 0.108 
-0.576 0.116 
0.147 0.094 
0.362 -0.723 
0.258 0.234 
c, 
10 -9/a 10 -15/Mar 10 -15/Ma 
-0.141 -0.009 0.019 
0.060 0.015 0.056 
1.578 -2.215 2.508 
0.179 0.614 1.454 
-0.303 4.407 -0.104 
0.121 0.607 0.114 
-3.648 -0.813 -19.020 
0.392 0.555 1.982 
It may be seen from figures 2, 4 and 5 that the di-
rections and velocities vary gradually from western Eu-
rope to eastern Asia and from northeastern to southeast-
ern Asia, and the Eurasian region rotates clockwise as 
a whole , except the Iran , Pamir and Tibet plateaus. 
Thus the Eurasian region may be divided into a steady 
Eurasian plate ( EURA) and three blocks of the Xiyu 
( XIYU) , the North China ( NOCH) and the Southeast 
Asia (SEAS) . As sbown in table 1 , the Euler parame-
ters are at - 96. 971 o E , 56. 529 o N and 0. 262 o I 
Ma for EURA; at - 124. 564 o E, 68. 890 o N and 
0. 326 °IMa for NOCH; at -100.629 o E, 52.884 o 
N and 0. 310 °IMa for SEAS; at - 83. 143° E, 
23. 077°N, 0. 310° IMa for XIYU. This shows that the 
rotations of EURA, NOCH, SEAS and XIYU are dif-
ferent and NOCH, SEAS and XIYU have different 
block actions with respect to EURA. The difference in 
rotation is small between EURA and SEAS, but signifi-
cant between EURA and NOCH, between NOCH and 
SEAS, between XIYU and EURA, and between XIYU 
and SEAS. As sbown in table 2, the maximum abso-
D, I 
10 -15/Ma 10 -15/Ma 10 -15/Ma 10 -15/Ma mm/a 
-0.127 0.001 -0.018 0.005 100.45 
0.016 0.009 0.055 0.014 0.51 
2.061 I. 087 -2.940 -I. 809 77.33 
0.587 0.610 1.455 0.586 0.65 
0. 735 -3.516 0.305 1.221 90.25 
0.186 0.604 0.116 0.185 0.80 
1.095 2.289 2.539 15.974 28.45 
1.101 0.541 1.984 1.088 0.87 
lute values of the strain parameters for EURA, NOCH, 
SEAS and XIYU are, respectively, at 0. 197 x 10 _,I 
a, 1. 578 x 10-'la, 0. 576 x 10-91a and 3. 648 x 
10 -• I a, indicating that the strains inside EURA and 
SEAS are very small and steady but the strains inside 
NOCH and XIYU are larger and unstable. The large 
difference in Euler parameters of NOCH and XIYU 
from those of EURA and SEAS are caused by larger de-
formation inside NOCH and XIYU. In EURA, the dis-
tribution of residual errors of the velocities is nniform, 
being larger in the east ( less than 0. 84 mm/ a for 21 
stations east of 127. 0 ° E) than in the west, ( Appen-
dix 2) . This indicates that Northeast Asia ( including 
Northeast China and the Korean Peninsula) is stable 
and that the whole northern part of Eurasia is a integral 
part of EURA. In SEAS, the distribution of the residu-
al errors of the velocities is also uniform , with absolute 
values less than 1. 21 mm/ a at the southernmost 6 sta-
tions (south of 10.0 ° N) (Appendix 2). This result 
indicates that South China, Indochina, South China 
Sea and Sunda Shelf constitute an integral SEAS as a 
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whole. Eurasia shows a coordinated movement as a 
whole, whereas different blocks within Eurasia show 
individual actions. This is why we divide Eurasia into 
an integral EURA and three relatively independent 
go· 
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blocks of NOCH, SEAS and XIYU. As to Tibetan 
Plateau , it cannot be represented by a block due to the 
strong and complicated tectonic deformation in its inte-
nor. 
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Figure 4 The ITRF2008 velocity field of EURA. 
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Figure 5 The ITRF2008 velocity field of NOCH, SEAS and XIYU 
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5 Comparison of different models 
In the above sections we have described the construc-
tion of ERLESM for each of the 4 plates/blocks: EU-
RA, NOCH, SEAS and XIYU, with standard deviation 
of each model given in table 2 and table 3 ( D, 1 in table 
3). To compare the precision of ERLESM with that of 
RBRM for the same plate or block using the same sta-
tion velocities , we include the corresponding standard 
deviations of RBRM Ds2 in table 3 , and use F statistic, 
which is the division of the variance Dsi or Ds: by de-
gree of freedom v1 or v2 , 
(12) 
Suppose :H0 : Dsi < Ds:, H1 : Dsi;;. Ds: and a = 0. 05. 
Our test result for the 4 plates/blocks shows F < F. , 
or Dsi < Dsi , which means that the variance of ER-
LESM is significantly smaller than that of RBRM , or 
that the precision of ERLESM is significantly higher 
than RBRM. 
In contrast to rigid plate ( block) models proposed in 
the past, the plate-motion models described in this pa-
per take the intra-plate elastic deformation into consid-
eration , and cover more areas. The EURA model in 
this paper covers an area of 4. 07 x 107 km2 in the 
range of -9.42 °E -135.05 °E and 36.37 °N -
78. 93 °N, whereas the model by Zhu et a! covers an 
area of about 3. 33 x 107 km2 in the range of -4. 50 o 
E -127.05 °E and 39. 13 °N -78.93 °N, and the 
model by Prawirodirdjo et a! [2Z] covers an area of about 
2. 78 x 107 km2 in the range of 6. 92 °E - 128. 87 °E 
and 39. 14 ° N - 71. 64 ° N South China and Sunda 
block-SEAS. 
6 Discussion and conclusion 
Under the influence of surrounding plates/blocks, a 
plate/block would rotate as a whole with elastic and 
plastic deformation in the interior. Plastic deformation 
is limited mainly to plate/block boundaries and adja-
cent deformation belts, whereas deformation may re-
main elastic everywhere else in the plate/block. ER-
LESE ( 2 ) proposed here can serve as a unified de-
scription of this kind of rotation/ deformation , which is 
a better approximation to the actual plate/block motion 
and deformation. 
Most of Eurasian region is characterized by rotation 
as a whole , but three blocks show obviously different 
rotation and strain. Thus we divide the Eurasian region 
into an integral plate EURA and three relatively inde-
pendent blocks of NOCH, SEAS and XIYU. F test in-
dicates that ERLESM for these four plates/blocks bas a 
higher precision than that of RBRM , and covers a lar-
ger area, including South China, Indochina, South 
China Sea and Sunda Shelf. In contrast, South China 
and Sunda Shelf are regarded as two independent rigid 
plates by Linette Prswirodirdjo et a!. 
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